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Geographic Information Systems (GIS) has two different analysis tools which are network analysis and spatial analyses that have 
different analyzing abilities for location selection problems. These tools provide different individual analyses which carry 
different specialties. The paper aims to measure attractiveness levels of the study area for new 
closeness and density analysis abilities. Network analysis is offered to determine the total coverage of the attractiveness levels of 
each retail store alternatives. Main focus of the study is to present how to integrate network and spatial analysis tools. Integer 
programming is offered to integrate two different analyses and a flow chart is used to represent suggested methodology. The 
study proposes a methodological approach for retail location selection problems and the methodology can be used in different 
location selection problem types. 
Keywords: Retail location selection, spatial analysis, network analysis, integer programming, Geographic Information Systems (GIS), location 
science. 
1. Introduction 
Location selection problem is one of the oldest problems of mankind and it attracts many researchers due to its 
complicated form. As a result of this attraction, location selection studies have emerged as a popular academic study 
and researchers from different areas of specialization have developed various solution techniques for this matter 
(Current, 1990). (Farahani v.d., 2010), in his studies gave place to the history of location selection and claimed that 
location selection problem reaches as far back as the discovery of Euclidean distance, that is as far back as the 
publication on location selection problem. This work was translated into English by C.J. Friedrich in 1929. 
Different factors on structure have different influence on the location selection problem and also taking all these 
offering to use very different qualitative and quantitative techniques which are Delphi technique, questionnaires, 
operational research methods, geographic information and artificial intelligence systems and so on. Thanks to the 
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long history of the location selection it is easy to increase the number of the tools that is used for the location 
problems. 
Retail location problem is one of the examples of the location problems and it has sophisticated structure than the 
other location problems since its geographically micro focus and the containing of the consumer behaviors. In 
addition to consumer behaviors, there are different criteria which are density of the population, demographic 
specialties, geographic constraints and specialties of the study area, etc. effects the decision of the convenience 
location. There are different examples in literature for generating a methodology to retail location problems such as 
(Vaughan et.al ,2007), (Karamychev et.al., 2009), (Nwogugu, 2006), (Benoit, 1997), (Kaufmann, 2000), (Arentze, 
2000) .  
Attractiveness of the retail stores is important to decide which alternative is the best and there are also studies that 
focus on determining the attractiveness levels. (Drezner, 2006) proposes the factors which are market share, distance 
between customer and facilities and buying power are the most crucial factors affecting the problem structure. 
(Drezner, 2006) accepted the base of the study of (Reilly, 1931), and this paper focuses on interaction between 
distance and attraction levels. The mathematical definition of this relationship is expressed with the equation which 
Huff,1964) focuses on how long it keeps the attraction of the retail stores on patrons, and the 
paper also focuses on determining the total customer potential and also the trade potential. (Huff; 1966) takes the 
competitiveness into consideration for measuring the impacts depends on distance for locations of retail stores. 
and bi-level nonlinear mixed integer programming model is proposed for reaching variable facility attractiveness.  
 Geographic Information Systems (GIS) is very useful and practical in finding solution to location selection 
problem thanks to its analysis tools which have analytical skills. GIS enables the modeling of both network and 
spatial analyses. In this sense, GIS can be used as a tool both in data production and in making the final decision. In 
this study, how to use spatial analysis and network analysis tools in retail location selection will be investigated and 
how the results of these two analyses can be integrated with models which are developed within operational research 
will be explored. In this sense, analysis techniques and the steps which lead to a proper result will be explained. 
2. Methodology 
This study suggests a two-phased solution intended to integrate the spatial and network analyses with integer 
programming. The first suggested phase is where the geographic suitability and coverage areas made by GIS 
analyses are determined. The results of these analyses will be the input of phase two called integer programming. 
During the spatial analysis process, various criteria are taken into consideration. This is a phase where spatial 
analyses are evaluated with Euclidian distance. In the network analysis, coverage areas of the store are determined. 
Using the grid values of both analyses is necessary to use them in integer programming. 
The second phase is integer programming. In this phase, GIS analyses outputs will be given place. Also, the 
susceptibility analysis, in addition to the best alternative, information on various alternatives will be obtained. 
 
 
Figure 1. Methodology   
Spatial Analysis Network Analysis
Integer Programming 
Reaching the convenience levels of 
retail stores 
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The analyses that are carried out in this study as well as their principles will be explained in analyses chapters. 
2.1. Spatial Analysis 
Spatial relations include abilities to recognize spatial distributions and spatial patterns, to connect locations, to 
associate and correlate spatially distributed phenomena, to comprehend and use spatial hierarchies, to regionalize, to 
orientate to real-world frames of reference, to imagine maps from verbal descriptions, to sketch map, to compare 
maps, and to overlay and dissolve maps (Lee, J and Berdnarz R.). 
Spatial analysis is a subfield of geography and regional science that studies properties that vary with geographic 
location. Geographic location is also a central organizing principle in geographic information systems (GIS) and 
science (GIScience). Geographic Information Systems is a computer system capable of capturing, storing, 
analyzing, and displaying geographically referenced information. A shared goal of spatial analysis and GIS is to 
improve capabilities for understanding geographic phenomena and solving geographic problems. 
Through GIS, many researchers are adopting the Euclidean model and its related analytical possibilities without 
realizing its assumptions or its alternatives. The Euclidean model is useful in many contexts, such as cartography, 
navigation, and many types of analysis (Miller, H.J. and Wentz, E.A.).  
In this study, ArcGIS 10 Weighted Overlay tool is used for spatial analysis of the Retail Store. The Weighted 
Overlay tool applies one of the most used approaches for overlay analysis to solve multicriteria problems such as 
site selection and suitability models.  
Since the input criteria layers are in different numbering systems with different ranges, to combine them in a 
single analysis, each cell for each criterion must be reclassified into a common preference scale of suitability. Then, 
operation multiplies the grid cell values of each input raster by the weight of importance and adds the resulting cell 
values together to produce the output raster. Overlays several rasters using a common measurement scale and 
weights each according to its importance. In Figure 2, the two input rasters are reclassified to a common 
measurement scale of 1 to 3. Each raster is assigned a percentage influence. The cell values are multiplied by their 
percentage influence, and the results are added together to create the output raster.  
 
 
Figure 1. The principle of weighted overlay [URL 1]   
The layers of land use, population density and distance used in spatial analysis are shown in Figure 3.a;b;c. 
 
   
Figure 3.a 
Land use input  [URL 2] 
Figure 3.b 
Population density input [URL 2] 
Figure 3.c 
Distance to parks input [URL 2] 
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The weighted overlay model is displayed as a process in Model Builder in Figure 4.a. Output suitability raster is 
achieved by calculating weighted overlay process of the land use category, population density and distance to parks 
(Figure 4.b) [URL1, URL2]. 
  
Figure 4.a Weighted overlay model [URL 2] Figure 4.b Output suitability raster [URL 2] 
 
In this study, suitability values of grids are calculated by using the Euclidean distances and overlaying the 
reclassified raster layers based on their weights. The weighted overlay raster is reclassified into 10 classes 
considering the spatial distribution of pattern. The values of suitability which are presented as 10 classes allow to be 
expressed in mathematical programming model in order to determine the best location for the Retail Store. 
2.2. Network Analysis 
Network analysis is a functional GIS tool for location selection problems. It helps analyst keeping existing data 
and provides to use these data in the network model. Network analysis is a GIS analysis tool which simplifies the 
solution of various location selection problems. In retail store location selection problem, the focus is on defining 
the customer interest and determining the area of influence of stores rather than source distribution or supplier 
relationship. For this reason, when opening a retail store it is important to determine the population of coverage area 
to find a proper solution to the problem. It is suggested to use the network analysis to determine the aforesaid 
coverage areas. 
Network analysis will show the areas that each store covers. These areas may both be definite distances or 
distances that can be reached by a certain driving duration. In this study, the coverage area of the store is a 10-
minute drive on actual roads. In this analysis, 1 stands for covered areas while 0 stands for areas that are not 
covered. The screen sample in figure 5 shows 3, 5 and 10 minute distances obtained from a representative case. If it 
is necessary to obtain such a coverage area, it should be use grid values as 1-2-3 instead of 0-1. It is a necessity to 
get grid values of the outputs of the analysis to use them in proposed mathematical model. 
 
Figure 5. Total coverage range according to drive times (3-5-10 min) 
2.3. Integer Programming Model  
The output of the GIS analyses can be classified via ASCII. Outputs of the spatial analysis of a specified range 
can be obtained.  The specified range can show variety since the nature of the problem; for instance 1-10 scale can 
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be used to illustrate the attractiveness if it is necessary to show differences between grids considering the spatial 
distribution of pattern. It is also possible to show the differences of the attractiveness levels with 1-5 scale. The 
outputs of the network analysis show the coverage according to the driving times and it can be classified with binary 
integers. 1 defines the covered grids which shows whether the retail store is convenient to the customers; otherwise 
the grids have 0 values which shows no coverage and it is not convenient due to the location of the store. The 3, 5 or 
10-minute distances can also be get as values of 1, 2, and 3. When such a classification is made, the model should be 
accommodated accordingly 
The first objective which expressed in equation (1) of the problem is maximizing the total coverage of 
attractiveness for reaching the decision which retail alternative attracts the most interest. The second objective which 
is expressed equation (2) is minimizing the total amount of the cost. Decision variable should be a binary variable 
for calculation.  
Decision variable : 
          1:  the decision of investment of the retail i 
xi  
          0: otherwise 
 
 
   (1) 
 
It is a necessity to take cost variable into account to evaluate the retail alternatives. cj represents the total amount of the cost 
associated with locating in site j. 
 
   (2) 
 
The inconvenient grids should be stay out of the analysis; thus, the inconvenient areas such as river beds, fault lines, unnatural 
filling etc. are assigned 0. The third equation is necessary to keep convenient grids for calculation. 
xp=0     (3) 
    ሺͶሻ
 
3. Conclusion 
In this study, in order to determine the location of a store, a solution in which network and spatial analyses are 
used and outputs of these analyses are integrated with integer programming model, is suggested. It is a 
methodological study that explains which analyses to use, in which order to use them and how to integrate these 
analyses. 
The criteria that will be used in suggested methodology and the weights that will be given to these criteria calls 
for another study and affects the validity of this study. Therefore, before the analyses, data collection and evaluation 
techniques should be approached separately and the weights that will be the base of the analysis should be 
meticulously obtained. 
Although the suggested techniques are applicable to different problem types, a need for certain variations may 
occur according to the various features of location selection problems. Besides, if necessary, mathematical model 
can be turned from integer programming into sophisticated integer programming and new constraints can be added. 
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